(1l
(h1(3]

Py

il

ity -e;ﬂﬂp




Intelligeace

Director of . ,(
e A

-.Soviet Genetic-Engineering
Capabilities|iiil]

This report was approved by the Scientific and Technical
Intelligence Committee on 10 November 1983, &

|
§




Pagesg: _ ’U:-'Z"A

- Bxemptions: (Uv/y

8

~r




BLANK PAGE




Key Judgments. -

¢netic-Engineering
Capabili es

togram to promote biotechnol-
articular. As with many other
ic.engineering for solutions
¢, and public health.

"ts hgve a largc ccntr '1

between US and USSR
er level of Soviet effort
ms. have been successful

irch lags: that of the United
Statm and the’ te product oriented and can
be cxpocted to contmuc mphasmng apphcatnons~oncnted research.

mierred largcly from what is
tradmonal strengths of their

The Soviets intend to compcte in intermational economic markets, most
likely tlirough sale of products or hccnsmz of processes. Success in this
area has potential for. improving: the USSR’'s forcign exchange earnings
position. However, they are not. expected to match the West in the diversity
of commetcially useful applications.




. The key to the Soviet’s genetic-engineering technology base development
oy has been the transfer of applicable technology from the West. They are oo
“striving for greater self-sufficiency, but dependence on foreign materials :
and processes will remain significant. The international network of suppli- '
ers that supports genetic-engincering R&D is extensive. Because of this,
efforts to curtail US technology transfer would not significantly impede '
Soviet progress.
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Soviet Genenc-Engmeering

Capabllitm-

lntroducﬁon

Genctic engineering is currently thc ‘most pubhcxzcd
aspect of a wide spectrum of new. biotechnical capa-
bilities that are emerging from genctics, microbiology,

. and biochemistry laboratories around the world. Re-

search initiatives tafen in the leading institutions of

_the United States, Western Europe, [ <

being quickly exploited in applied sciences such as
medicine, chemical production, and agriculture. Ge-
netic engineering has been compared to semiconduc-
tor technology, atomic energy, and space travel in-
terms of its potcntxal to bring- about technologlcal

=<

Deoxyribonucleic acid (DNA) is the information-"

- . carrying component-of.genctic material in- the cells:of -

all living things: As these-cells grow, the information:
encoded in their DNA directs-the. biochemical. proc-.
esses that support life. When célls reproduce, copies of
that DNA are passed to the next generation. Recom-
binant DNA (tDNA), often called gene splicing, is a
method by which genetic material can be isolated,
manipulated, and introduced into cells to bring about
changes in their biochemical processes. One major
application is expected to be the large-scale produc-
tion of compounds previously available in only very
small quantities. Recombinant DNA is the process
directly responsible for the producnon of human
insulin and other medically useful subg.anm by
genetically modified mlcro-orgamsms-

The rDNA techniques for manipulating genetic mate-
rial were pioneered in 1973. At that time, the gene

manipulation concept attracted considerable attention

because of concerns about the potential for harm to

‘humans and the environment. In 1975 scientists from

many countrics met in Asilomar, California to deter-
mine the magnitude of the hazard and to establish
basic safety measures and standards of laboratory
practice for rDNA rescarch. At first, the guidelines
were quite restrictive and several categories of experi-
ments were prohibited. As practical experience with
the techniques was gained, the guidelines were exten-
sively revised to make them less stringent. However,

certain types of experiments have remained on the
forbidden list and are likely to remain so. For exam-
ple, the creation of a recombinant based on DNA
from a diphtheria causing bacteria and DNA from a
harmless bacteria capable of living in the human
intestine is prohibited. Such a combination migh
result in the creation of a dangerous pathogen. Since

their inception, the gulidelines for US rDNA rescarch’

have been binding only on government supported
work although they have served as a model for
nongovernment-sponsored research in the United

- ‘States-and for guidelines adopted by other countries.

. Indications.of Soviet interest in rDNA were apparent

in the mid-1970s. They sent participants to Asilomar
and to subsequent meeu§xs having_ to.do with the
guidelines formulation process. In 1976, Yuriy A.

Ovchinnikov, one of the leading Soviet biotechnolo- -

gists and a Vice President of the Soviet Academy of
Sciences, urged the USSR’s prominent molecular
biologists.to pave the way for Soviet genetic engincer-
ing research. By 1978 the Soviets were methodically
collecting information and materials to broaden their
genetic-engineering technology base. Western labora-
tories hosted Soviet scientists, and students were sent
to the West for extended post-doctoral research pro-
grams. These hands-on practical experiences together
with an extensive program of Western equipment and
materials purchases by the USSR resulted in a sub-
stantial transfer of rDNA technology. Concurrently,
Soviet-authored basic YDNA research reports were
becoming more frequent in Soviet and international

" journals,

The Soviet Government is currently promoting genet-
ic engineering. A stated goal of the Communist Party
of the Soviet Union (CPSU) Central Committee and
the USSR Council of Ministers is that “biotechnology
should promote a further decpening of theoretical



research and increase the scales of production and
extend the range of preparations for medicine, agri-
culture and industry.” The Sovicts have acknowl-
edged that the most immediately promising area in
biotechnology is genetic engineering. To further this
goal, the Soviets established an Interagency Scientific
Technical Councildn 1981. This Council, able to cross
ministry and academy lines of responsibility, was
charged with providing scientific leadership and the
coordination of derived industrial applications. Cur-
rently, at least 70 institutes affiliated with a broad
range of academics and ministries, have been identi-
fied with genetic-engineering-related research pro-
grams. Of notable interest arc indications that the
Soviets are stimulating application-oriented genctic-
engineering rescarch by promotmg capltahstnc incen-...
tives and are intending to compete in mtematxonal
economic markets

The Soviet military is contributing support to the
development of this technology: Because thereare a
broad range of potential militarily related genetic-
engineering applications, the threat of technological
surprise must be carefully assessed. Although military
involvement in basic research is apparent, attempts to
determine the objectives and extent of military R&D
in this area are just beginning

Characterization of the Soviet Genetic-Engineering
Effort )
Growth and Expansion. Historically, with a few ex-
ceptions, the Soviet scientific community has not been
noted for important contributions in biologica!l and
biomedical sciences. The Soviet genetic-engineering
cffort was started during the mid-1970s and, as in
other biological sciences, resechers have not been

‘among the innovators. The program was first noted

when several researchers from a few Soviet institutes
began publishing recombinant DNA genetics articles
in Soviet scientific journals. Initial experiments were
fundamental in nature repeating published, successful
work previously completed in the West. The early
years of genetic-engineering research are best charac-
terized by sincere international cooperation between
scientists. Without doubt, the free flow of information
in the open literature and the direct communications
process between scientists provided the impetus for
cxisting programs in participating countries. The In-
telligence Community was aware of Soviet visits to

US and European laboratories engaged in genetic-
engineering research. Because of their late entry in
this technology, they benefited greatly from the visits

and other exchanges of information.-

Soviet:interest became more evident during 1976,
when, at a meeting of molecular biologists in Moscow,
the USSR’s most prominent molecular biologists and
geneticists were urged to further their country’s rapid
progress in the field. Their progress is marked by the
subsequent Soviet expansion of institutes and person-
nel involved in genetic-engineering research. Much of
their published research was stil| basic; however, their
studies were increasingly targeted toward programs
with applications potential. Soviet studies represent

.diverse efforts directed toward gene isolation or syn-

thesis, insertion of recombmant DNA containing vec-

tors into host cells, studying conditions and methods- -

necessary for optional production of gene products,
and recovering cell lines with desired gene expres-
sions. Basi¢ research will remain fundamental to new
discoverics and Soviet successes will be measured by
the dedication of resources, and the serendipitous

finding of useful genes with applications potential.

Coordination. In 1981 the President of the Soviet
Academy of Sciences, Anatoly P. Aleksandrov, told
the 26th Congress of the Soviet Communist Party
that it was time to create a full-fledged ministry of
biotechnology industry. Such a ministry has not been
established. A compromise, by joint resolution of the
CPSU Central Committee and the USSR Council of
Ministers, may have been the formation of an Inter-
agency Scientific Technical Council. This Council,
subordinate to the State Committee for Science and
Technology (GKNT) and the Presidium of the USSR
Academy of Sciences, appears to have been given
broad responsibilities. Its function is to organize and
stimulate biotechnology-related research programs
and to coordinate program-derived applications with
Soviet industry. The Council’s specific responsibilities
probably include: establishing research priorities, re-
search tasking, coordinating collaborative efforts be-
tween institutes (figure 1), evaluating research results,




Soviet Collaborative Research

Anti-Plague Institute
= “Microb™ (Saratov)
vt Ministry of Health

Gamaleya
Academy of Medical Sciences

Institute of Biorganic
Chemistry
Academy of Sciences

Institute of Molecular
Biology and Genetics

(Kiev)

Repubdlic Academy of Sciences

Cancer Research Center
4mdemy of Medical Sciences

of Industrial Microorganisms
Microbiological Industry

Institute of Cytology
Academy of Sciences {Leningrad)

Unknown subordination

Caucasian Institute of Institute of Protein Biosynthesis

IMB
Academy of Sciences

Institute of Genetics.and Selection.

Institute of Virology
(Berlin)
Foreign Instltute

Institute of Chemical Physics—_ Institute of Genetics and Cytology
Academy of Sciences

(Minsk)
Republic Academy of Sciences

Institute of t
Molecular Genetics
Academy af Sciences

IBPM
Academy'pf Sciences

Institute of Ultra Pure Biopreparations

Tartu State University

Protein Biosynthesis
(Krasnodar)
Microbiological Industry

Microblological Industry

Soviet University

\lns(itule of Chemistry, Physics. and

Biophysics
(Tartu)
Republic Academy of Sciences

™~

and coordinating the training of participating scien-
tists. The 1982 Tallinn Plasmids Symposium was
sponsored by this Council. Because the Soviet genetic-
engineering effort transcends so many ministries and
scientific academies, it is certain that the total pro-
_gram is centrally orchestrated at a high national level.

Better knowledge of official policies and regulations
governing Soviet genetic engineering research would
benefit US intelligence analysts in determining Soviet
resecarch objectives and likely success potential. Al-
though Soviet officials publicly claim adherence to

et




Table 1
Soviet Appied Research Efforts

z

Microbial leaching of -metals from ore.
Removal of methane from coal deposits.
Development of microbial insecticides.

Development of synthetic insulin, interfcron, somatotropin and
other biologically active human proteins.

Biodegradation of naphthalene, synthetic polymers, pesticides, and
. other substances that resist patu-al decomposition.

Biodegradation of oil (to clean up oil spills, residual oil in tank -
- holds, and so forth).

Production of viral coat proteins and glyeopro(cms for vaccine
development.

" Hydrogen production.’
Nitrogen fixation. .

Production of food lnd foo;i additives, enzymes for industrial use,
and so forth.

- expected if the necessary resources are provided-

Antibiotic production, ~~ "~ © © © "

Research of human gencncs problems, hereditary diseases, and so
fonh.

Mmbnlly enhanwd oil recovery.

Production of biologically active pepudcs. for example, sleep-
inducing peptide.

Syntlictic fuel development.

Development of bacterial fermentation mechanisms.
Bacterial production of amino acids.

international guidelines and safety standards that
have been established for genetic engineering re-
search, we believe that the Soviets will follow only

. those guidelines and safety measures that will serve
their purpose. We do not assume that they will follow
set restrictions on pathogenic (disease-causing) organ-
ism research. Because of the USSR’s apparent inter-
est in international marketing of products and licens-
ing, they will probably respect foreign patent rights in
their export trade. However, this confidence does not
extend to products for internal consumption-

Soviet Applied Research. The Soviets are clearly
committed to applied research. They look to genetic
engineering for solutions to problems ranging {rom
agriculture and industry to public health. Applica-
_tions-directed research (table 1) is seen in agriculture,
medicine, pharmaceutical and chemical industries,

and biodegradation. Other applied research efforts,
not yet identified, are also likely. Success in applied
genctic engineering is dependent upon the discovery
or identification of gene coding for biologically active
products. In the West, initial rDNA successes have
‘occurred leading to the production of human blood .
proteins, endogenous hormones, and the identification
of specific synthetic antigens vital to superior vaccine
development. Fundamental discoveries in this field
are most often labor intensive, and this methodology
has often served the USSR scientific community well.
We believe that most of the Soviet talent and re-
sources will be directed at applied research built upon
basic discoveries published by workers elsewhere. This

kind of “follow the leaders™ activity can not be
-~dismissed as inconsequential; significant progress in

the practical application of other's-discoveries cag.ba, -

The Soviets have also reported the successful develop-
ment -of an “oil eating” micro-organism and are
known to be involved in programs applicable to the
microbiological leaching of scarce metals from ores
and to medicine. Soviet emphasis on applied research
was evident at a 1982 symposium held in Tallinn,
where representatives from 36 Soviet institutes pre-
sented papers on plasmid research. The ability to
incorporate recombinant DNA into plasmid vectors is




vital to applied research. Published rescarch, however,
can only suggest po_ssible Soviet research directions
.and the potentials for application! '

belicve that, with some possible military cxccpuon.
they are sm;nlar to those of the West

Because of the USSR's oncntatlon toward applied
research, it is unlikely that the current Soviet momen-
tum in genetic engineering, and other biotechnologies,
could sustain itself without anticipated, timely, and
significant successes. Since Soviet research is govern-
ment funded through various ministries, the totality of
financial risk belongs to the government. Biotechnolo-
gy research is highly speculative and costly. Despite
the widely publicized international expectauons sur-
roundmg bxotechnology in gencral we can ‘expect th thc
" Soviets to maintain a conservative approach to risk
taking. This is a major reason that we believe the
—Soviets will-exploit available-Western-developed;-*‘of f
the shelf” genetic-engineering technology whenever
possible. Perhaps to decrcase its financial risk and to
stimulate productivity, the Sovict Government is re-
ported to have passed regulations in 1981 to provide
for capitalist-like incentives. I

uch an approach to R&D is a change in
ct policy. The benefits probably would outweigh
the risks of basic research, and commercial successes
would drive new programs and expectations. The

potential effects of such incentives on scientific pro-
_ ductivity, even in the USSR, are self-evident

scaled depending on the prominence of the institute,
the ministry involved, and the priority of assigned
research programs. Western visitors have described

some of the more prominent institutes as showplaces

lavished with Western-acquired high-technology

ertainly, fundingis

ﬁ/

cquipment, while some Jesscr institutes have been
described as primitive,

ct growth.and expansion in the ficld agg indicative of

priority and generous funding suppon- .

Basic and applied genctic engineering and related .
research are carried out in at least 70 institutes'and
universities across the USSR. Some institutes apper
10 have specific, contributory tasks, such as enzym«
preparation, whereas others carry out a more innot a-
tive and broadly based fholecular genetics researck
program. The more sophisticated research is generully
carried out in sclected and-older institutes with estab-
lished expertisein contributing scientific disciplines
siich ‘as biochemiistry, microbiology, enzymology, and
T Classical genetics. Exceptions-are a few relatively
recent institutes ‘headed by dynamic, reputable scien-
~tists who have-been-able to:assemble a nucieus. of. .
competent researchers.. he participating rmrch
facilities-are-subordinate t5-a-number of Soviet minis--
tries and scientific academies including the Academy
.of Sciences, the Academy of Medical Sciences, the
Academy of Agricultural Sciences, the Microbiologi-
cal Industry, the Ministry of Health, the Ministry of
Defense, and the Ministries of Education in the
various Soviet federated and autonomous republics
his spectrum of affiliations would seem
rsagvantegeous, even ina ‘highly structured society.
However, in the USSR, funding through separate
ministries, each with some sclfish _motives, may actu-
ally fertilize healthy competition.

Many Soviet rescarchers, who have gained promi-
nence in genetic-enginecring publications and who
have acquired responsibility at their research facili-
ties, received training in-the West during the mid-to-
late 1970s. The Soviets sent gifted scientists and
students to laboratories and university programs in
the West, including the United States. This “hands-
on" training helped the startup of Soviet research
efforts in this field immensely:

the numbers of new names appearing in Soviet genetic

Py
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engineering publications, it appears that training is
being carried out expeditiously. A probable Soviet
advantage has been its strength in biochemistry and
the ability to focus promising individuals into its
better training programs.
rticularly talented individuals, general-
ly at the posi-doctoral level, are sent to the technically
advanced Soviet laboratories for extensive training
ranging from months to several years. These individ-
uals then form the nuclei of newly established re-
search groups. This process can effectively broaden
their scientific base, but we believe that these differ-
ing levels of skill will leave Soviet researchers vulnera-
ble to obsolescence because evolutionary develop-
ments have been so characteristic in genetic
enginecring. At the basic science level, Soviet molecu-
lar biologists are, generally, fewer in number and of -

lesser quality than their Western counterparts: Some

Soviet rescarchers are, however, as technically compe-

these items. The Soviets recognize that the need for
self-sufficiency in this regard is not compelling. The:
international network of supplicrs is 50 extensive that
even major cfforts to curtail technology transfer
would only impede Soviet research programs.-

Comparisons to US rDNA Research Efforts. Soviet
research capability in genetic engineering has consist-
cntly lagged that of the United States. Overall, the
Soviet research effort, particularly in applied re-
scarch, is quantatively and qualitatively inferior to
that of the United States. The Soviet's rapid cat shup
phase during the late*1970s has now placed ther1 at
lcast two years behind the United States. We believe
this trend may continue indefinitely. Most of the
fundamental discoveries and key innovations in appli---
cable technology and methodology  will occur in the
‘United States, Wéstern Burope, (N | The
USSR is not expected to match the West in the - - -

tent and innovative as the more progressive Western —.-_quantity.of commercially -useful -applications. Innova- -

scientists. Overall, the USSR's thin base of research-:
ers with recombinant DNA -expertise will continue to. .
be a major factor contributing to its technological lag
when compared with similar Western cffortsi-

Soviet genetic-engineering laboratories continue to be
hampered by major dependence upon Western-
produced equipment, instrumentation, reagents, en-
zymes, and numerous other critical items. The effects
have been most pronounced on institutes with emerg-
ing research programs. Improvements in the acquisi-
tion and dissemination of necessary materiel have
been only gradual. The Soviets haVé recognized this
problem to be a rat¥-limiting factor and are moving
toward greater self-sufficiency. The threat of technol-
ogy transfer curtailments has also been a motivating
factor. The indigenous support system for supplying
the needs of their genetic engineering laboratories is
still poorly developed. The phenomenon seen in the
West with many small companies, each producing one
or a few specialty items, has no counterpart in the
USSR. In the near term, the Soviets at best will be
able to provide their own biologicals (enzymes, bacte-
rial strains, and plasmids) and generalized equipment
and materials (centrifuges, microscopes, plastic ware,
disposables, radioisotopes, gels, and reagents). High-
technology instrumentation and some items needed in
small quantities will continue to be imported. It is
simply more economical to purchase than to produce

tive rescarch and rapid gdvancement, however, may-
occur. in areas given spectal emphasis. The impact of .~
Soviet commercial applications and foreign licensing
of processes on international trade will be moderate 4t
best. In the intermediate term (five to 10 years), most
of the Soviet effort will probably be directed at solving
internal economic problems and providing consum-
ables for internal use. Since their safety and efficacy
standards arc probably less restrictive, the Soviets
may be able to bring genctically engineered biologi-
cals and pharmaceuticals on line sooner than compa-
rable Western efforts, Because of the technology and
engineering challenges involved with rDNA applica-
tions, an important rate-limiting factor will be their
ability to scale up for mass production. Soviet produc-
tion capabilities will most likely depend heavily on
forcign technology transfer. Projections in this area
have been characteristically outpaced by actual
events :

In the United States, research talent has flowed from
numerous public and privately funded universities
into ever increasing small genetic engineering compa-
nics and, more recently, into major corporations. The
incentives for personal and corporate financial gain




engineered end-products. The breadth of the US
effort is fueled by the availability of venture capital.
Despite coordination efforts, the Soviet’s applied re-
search is significantly distant from their production
industry. Incentives-are not comparable; entrepre-
neurs are scarce. The Soviet system, beset by a

. cumbersome bureaucracy, must provide for all activi-
ties carried out within the structure of government-
directed research and product development. Missing
elements require the development of new industries or
must be purchased abroad. Continued infusion of
governmen funds is crucial to the Soviet research

progress is is likely only 1f anticipated goals are

achievable| -

, Soviet Military Implications.

There are a broad range of potential defensive mili-
tary applications. Among these are vaccines against
militarily important diseases; superior chemical anti
dotes; CBW detection systems; recovery from ore of|
strategic metals such as uranium; nonfossil fuel pro-
duction; biosynthesis of specialized lubricanss; and
production of special-purpose compounds such as
plastics, pure chemicals, and friction-reducing coat-
ings. Offensive military applications of genetic engi-
neering might include the development of unique
(difficult to detect, identify, and treat) antipersonnel
CBW agents and toxins. Similar agents could be
developed against crops, livestock, and military mate- everal Soviet papers
riel. The development and exploitation of Soviet of- published in the open literature at the Gamaleya
fensive capabilities would seriously threaten the Unit-  Institute of Epidemiology and Microbiology, Moscow
ed Slates.:- ' describe the property of acrosol stability being geneti-
‘ cally engincered into E. Coli. If this interpretation is
The Soviet military sector has access to the technol- _
ogy necessary to pursue military goals. Further, it can ' Eschericia coll is the mast commonly used bacterial species in
influence priorities, direct and fund its own rDNA :3’::;‘:':::‘222"1 research and is slso a natural inhabitant of the
research, and sponsor research in nonmilitary affiliat- ‘-
ed institutes. Military interests are most likely repre-
sented on the Interagency Scientific and Technical

P s
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correct, it would mean that the Soviets have a stable,
acrosolizable, seemingly benign BW agent capable of
producing a unique toxin||

There are other research papers which have appeared
in open scientific publications thdt, while appearing to
represent legitimate research interests, also have obvi-
ous military potential. )

« Transfer of a gene conferring antibiotic resistance
from E. Coli to the causitive agent of cholera.

» Synthesis and cloning of an artificial gene for a
sleep-inducing peptide. This research was carried
-out at the Institute of Bioorganic Chemistry in

Moscow, one of the premier molecular genetics =-......

research establishments

n addition to this peptide, the Soviets
are studying othds that are capable of varied effects
such as inducing fear, exaggerated emotional re-
sponses, and lethal nervous system impairment..

¢ Development of “oil-eating™ bacteria to consume
lubricants or to attack fuel depots.

¢ Development of mc;hxl-stgcne (synthetic rubber)
degrading bacteria G

2

Soviet rDNA Technology Base Development

The key to the Soviet development of a technology
base in genetic engineering was, and still is, the
transfer of technology from the West. The USSR is
years ahead of where it would have been without
foreign technology. Since the late 1970s, the Sovicts
have expanded their rDMNA technology basc by coor-
dinated planning, training, and retraining talented
scientists at home and abroad, developing rescarch
facilities, methodically collecting information. and
acquiring necessary equipment and materiel in ihe
West. The US-USSR Microbiology Exchange ’ro-
gram during the 1970s facilitated rapport betw cen’
scientists and provided the Soviets the knowledge
needed to equip laboratories, establish.research pro-

.grams, and train scientists.”Although applied research .

-is the priority, the Soviets-realize the need for devel-
‘oping and maintaining a strong basic research capa-
bility. The state of.their technology base could not
have been.accomplished .without decisiveness and

adequate funding.-

Factors Affecting Soviet Technology Base Develop-
ment. Genetic-engineering technology is dynamic and
Soviet scientists cannot be expected to work in a
vacuum.- The traditional Soviet organizational struc-
ture—which isolates researchers from each other and
from the ultimate product and which routinely with-
holds research goals from most bench scientists—
hinders progress. For example, in the development of
engineered micro-organisms for the extraction of met-
als {rom ores, molecular biologists would have 10 work
closely with mineralogists and geologists. The Soviets
appear to be effectively coordinating applied rescarch
with their industries through the auspices of the
Interagency Scientific and Technical Council or other
coordinating agencies. Soviet researchers need to col-
laborate because no institutes are self-sufficient in
necessary materiel. Western research collaboration in
this field is decreasing because of proprictary inter-
ests)

st



Western scientific journals are available to the USSR
and most are translated by the Ministry of Informa-
tion Centers. Organizational stratification within the
Soviet system tends to slow the information diffusion
process. Because, this science is s0 dynamic, the
ministry must |mprove efforts to-disseminate thc
information to all pamcnpaung Soviet scientists in a
timely manner. A restrictive information flow could
rapidly isolate their scientists internationally and limit
their cxpanding technology basc‘

The censorship of Soviet publications and security
restrictions during personal interactions with foreign-
scientists threatens the international crcdxbxluy of
Sovict scientists. Because foreign scientific meetings

and official-exchanges offer a-much -higher-informa-
tion acquisition payoff than published research, the
Sovicts can'be expected to expand their séientific
{oreign travel program to maintain pace|

A problcm with the Sovxcl system that oftcn results-in
long technological lag is its conservative avoid-risk.
approach. Incentives for developmental work are often
too small to compensate for the risks involving a new
technology. As a consequence, there is often an
aversion to new technical solutions and processes. A
continual infusion of government funds will be neces-
sary to expand the technology base, to achieve some
needed technological self-sufficiency. and to ci...e the
rDNA technology lag with the West. If the reported
incentive program for applied research is successful
and they are able to gain hard currency through
commercial exports of consumer products and foreign
licensing, the Soviets would be less conservative in
financing the expansion of their rTDNA technology
base, In the meantime, we expect them to concentrate
their resources and focus priorities towards adapting
existing technology and continuously upgrading their
capabilities,

The USSR has sufficient, high-quality researchers
and cooperation between institutes to be productive in
this rapidly advancing science. A major shortcoming
is their present bioengineering capability and their
dependency on foreign equipmgnt and matericl. Re-
verse engincering efforts and difficulties in duplicat-
ing purity of chemical reagents, enzymes, and specifi-
cations and tolerances of specialized laboratory

e

equipment and instrumentation have resulted in de-
lays in the application process. The impact has been
most severe on lesser research programs, which are
more dependent on Soviet and Eastern-Bloc made
goods. The net effect is a dilution of the diversity of
the technology base. Another major problem area is
the status of production capabilities. In related fields,
like pharmaceutical production and large-scale fer-
mentation, the Sovicts have limited capability and a
poor record of accomplishment. There, they experi-
ence difficulties with production scale-up and quality
control. We expect a similar trend in the more
challenging bioengincering aspeéts of mass-producing
recombinant DNA products. Genetically altered
micro-organisms are often unpredictable and require
careful monitoring during production. Scaling-up
from laboratory quantities to thousands of liters used
in industrial production involves sophisticated produc-
tion technology and instrumentation. Given adcquate
priority.the Soviets will probably solve these and other
bioengineering problems. We believe that future Sovi-
et technology transfer will be heavity.directed toward
developing indigenous industrial-scale production ca-
pabilities. Further, the Soviets can purchase the nec-
essary equipment, if not complete production lines, in
the international biotechnology market

Technology Transfer

Character of Activities. The USSR is methodically
collecting applicable information and materiel to
broaden its genetic-enginecering technology base.
Methods include commercial purchases, scientific ex-
changes, exploitation of published literature,
attendance at international meetings, diversions, mis-
representation of end users, and clandestine acquisi-

The eftort has been aiGEd DY UIC IICC HIUW U LUl LG

tion and the international availability of materiel
necessary to conduct this research. Generally, West-
ern scientists have been willing to help further Sgviet
progress of this and other biological scien

10
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transfer of information through exchanges'involving
Soviet scientists and students and short private visits.
Non-Sovict Warsaw Pact visits have also increased,
and there is evidence of cooperation between the
Soviets and Eastern Bloc countries in the collection
and dissemination of information gleaned from those
visits. This “hands-on” training is an exceptionally
effective method of technology transfer-

Many Western companm are cooperating with thc
USSR's bid to develop a sound genetic engineering
technology base including groduction capabilitics.
‘Numerous Western scientific and industrial firms are
rentéring into cooperative agreements with the Soviets
to provide sophisticated Western equipment applica-
ble to gcnct:c~cngmccnnz pursults Several companics
ing seminars and training by.
scientific and technical experts on location in the
Soviet Union. Instructiorns include the use of actual
-equipment. The purpose appears to be to encourage
the Soviets to further purchase and use newly devel-
oped equipment. The effect is that the Soviets are not’
only obtaining high technology but arc also learning
to use it. We belicve that acquired Western technol-
ogy has been largely responsible for the status of the
Soviet's genetic engineering technology base and the
rapid expansion of their basic and applied research
capability

Consequences of US Technology Transfer-Control
- Efforts. Data, equipment, and materiel associated
with genetic-engineering research and its applications
have been subject to some US export restrictions as
part of the overall reduction in the level of trade
Soviet workers have access to the extensive Western  between the United States and USSR. This US effort
open literature, where descriptions of research initia-  was reported to have slowed the pace of their rescarch
tives, technical innovations, and methods are frecly and acquisition efforts. In response, the Soviets have
published. In addition to the ready availability of initiated measures to increase their self-sufficiency
needed materiel, scientists have exchanged living mi-  and to lessen their former dependency on US technol-
crobial cultures and recombinant DNA vectors such ogy. Although Sovict scientists prefer US-made
as plasmids and phages. The availability of “gene equipment and supplies, access to US suppliers is not
libraries™ has simplified the Soviet’s basic research critical to the survival of Soviet resecarch programs or
effort. In support of the Soviet acquisition process, their technology base development. Evcrythmg nccd
individua! agencies and.cven institutes have some- ed is available
times been permitted to bypass the cumbersome state
organizations that manage foreign importation and
have been allowed to deal directly with US and other
suppliers. Additionally, there has been an extensive
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countries. Only a concerted measure by all non-
Communist, research participating countries, could
significantly slow Soviet efforts. Certain West Euro-
pean countries, probably
would not support SUC & mMcasure unicss Soviet
offensive mlhtary intentions could be clearly demon-
strated. The net effect of a singular US embargo
would be the loss of an economic market|

Anticipated Soviet Trends. The Soviets perceive ge-
netic engineering as an emerging technology with
broad economic as well as military implications.
Because of their lag behind the West, they accept the

fact that most of their own rDNA programs will . ...

continue to rely on materiel and ideas supplied by

-others. To this-end, they will continue to expand their;

network of foreign suppliers. They will exploit the
* foreign open literature ‘and encourage their scientists'.
to maintain communication with international leaders
in the biotechnology-field. Collection-efforts by the—
KGB and GRU can be expected to focus on acquisi-
tion of an.ever increasing:level of-US and Western---
proprictary rDNA rescarch and technological innova-
tions that arc not licensed for export

The extent and success of Soviet efforts to achieve
self-sufficiency in this technology will be largely
influenced by technology transfer policies adopted by
the United States and other cooperating nations. In
the absence of trade restrictions, the Soviets are
expected to limit themselvesgo producing common
items for cvcryday use. They prefer to purchasc
abroad sophisticated instrumentation and eqmpmcnt
and low-volume items because it is simply more
- expedient to purchase than produce. Related bioengi-

neering skills will continue to lag, and the Soviets will
attempt to acquire foreign production technology.
Similar patterns of Soviet reliance have been observed
in the initial R&D phases of other highly technical
endeavors such as fine chemicals production, micro-
‘electronics, computers, and pharmaceutical produc-
tion. If they are confronted with effective Western
technology transfer restrictions, which we believe
unlikely, they will slow their research and place a
priority on acquiring necessary self-sufficiency. The
effect would be that they would further fall behind
the West in the near and intermediate term (two to 10

. years). The Soviets probably would not alter their

Sl

national applied genetic-enginecring research-objec-
tives a3 long as they perceive them to remain achiev-

Analysis of Soviet Success Potential

Applicable Technical Endeavors, Credible Soviet
spokesmen have publicly indicated that enterprises
judged important to the USSR, such as crop-plant
productivity, livestock breeding, diagnosis of heredi-
tary impairments, prevention of infectious diseases,
and obtaining biologically active substances, are all
likely to benefit from genetic engincering. Actual

. Soviet achievements will be influenced by their tech-

nology base development and central directives, which
attach priorities to the various national sectors for
which genetic engineering could be expected to have
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an impact. These include agriculture, energy, the
chemical industry, the Soviet military, and the ap-
plied biomedical field. Military requirements, domes-
tic needs, the need for export earnings, and the desire
for international scientific rccogmtxon together will -
influence .thsc pnonnes

Commercial Implications. Although the Soviets

- clearly want domestic benefit from this technology,
we also believe that they intend to expand into the
international commercial market. Likely near-term
‘candidates for export are commodity chemicals and
further licensing of industrial fermentation products
and processes. Further successes will depend on their
ability to engineer organisms.with new or enhanced
capabilifics. We believe that the Sovicts have these

capabxlmw and that they can be modcratcly success-

ful economic competitors. However, they will not be
able to match the. West in diversity of marketable
products. A ‘Soviet advantage may ‘be théirability to
direct attention and focus resources at specific pro-
jects with highspayoff potential: This could result in a
more rapid developmental phase in product evolution.
Further, the government’s ability to stabilize and
control long-term prices would facilitate foreign mar-
ket entry. To be successful, the Soviets will have to
improve their marketing techniques, guarantee deliv-
eries, and attain required quality-contro] standards.
The last two are potential rate-limiting factors

We expect Soviet agriculture to receive considerable
attention. Dependency on foreign grain, unreliable
crop output, marginally productive agricuitural areas,
and losses to plant pests are preeminent domestic
concerns. Genetic engineering offers potential alterna-
tives in all of these concerns. The application of
rDNA techniques to plant cells is currently at infancy
worldwide. Plant genetics at the molecular level is
poorly understood, but some progress is being made.
Altering specific genetic traits for environmental fac-
tors—for example, heat and cold resistance—require-
ments of soil quality and pH, and protection against
crop pests and diseases are thought to be achievable.
Increasing plant yield involves numerous complex
genetic codes; major successes are not anticipated for
10 to 20 years or more. Long lag periods are charac-
teristic of new developments in crop productivity. The
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Soviets can enter this aspect of the genetic-engineer-
ing field on the ground floor, as they have consider-
able expertise in plant biochemistry, plant physiology,
and plant genetics. Breakthroughs in livestock farm-
ing, facilitated by development of hormones, protein
supplements, enzymes, new antibiotics, and superior
vaccines against animal diseascs, will occur during the
1930s,

High success potential is expected in the area of
biomedical applications, particularly public healtn.
This area is currently geceiving worldwide attent.on.
We expect the Soviets not only to exploit the West's
research lead in this area but also to develop original
uscful medical products. The emphasis will be on
superior vaccines and biologically active proteins,
such as insulin, interféron, hormones, ‘and enzymes.
Some success in:these areas has aiready been

achlcved furthcr sucms is- xmmmem

We cxpccx the encrgy ang chcmxcal industries to
benefit from genetic-engineering ‘technology. Soviet
interest is evident in commodity chemicals, large-
scale fermentation, microbial leaching of metals from
ores, biodegradation, and pollution control. The po-
tential for developing biological catalysts for the
chemical industry exists. Although the Soviet re-
searchers have shown an interest in genetic-engineer-
ing approaches to synthetic fuel development and _
enhanced petroleum recovery, we do not expect ener-
gy applications to become a near-term Soviet research’
priority. The Soviets have oil and also export large
quantities of gas. They have invested heavily in
conventional recovery methods, but will continue to
research genetic-engineering applications in energy
production primarily to avoid technological sugprise
and to protect their long-term export position“-

Military Implications. Because the Soviet military
has substantial influcnce and technical resources,
their interest in genetic-engineering applications will
directly affect national objectives and priorities. We
believe the military will exploit Soviet research devel-
opments. The spectrum of potential defensive and
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Special Analysis

cells to alter their’ characteristics. Moscow is emphnasi

USSR: Genetic Engineering

The USSR is promoting genelic engineering, & method by which

.~.genelic material can be isolated, manipulated. and introduced into

zing research in
biotechnology, with eveniual applications in medicine, agriculture,
and industry. The Soviets see genetic engineering as the mest
immediately promising area of biotechnology. and they are using
every available mechanism lo acquire the more advanced technology

of the West. Genetic engineering has both military and civilian
applications. .

The progress of Soviet genetic engineering has been made
possible in part by the acquisition of Western laboratory equipment
and expertise. US export restrictions on-genetic engineering-related
data, equipment, and materiais reportedly have slowed research, but
the Soviets have resorted to clandestine acquisition when legal means
have been denled them. Moreover, Moscow Is now able to purchase
these.resources from Western europe I and foreign

-— e

subsidlaries of US companies

o 3
There are fewer molecular blologists in the USSR than in the
West. By concentrating on basic sciences, however, the Soviets have
mastered existing technology. They are capable of Innovative
research.and technological development in areas to which they give
special emphasi

Resehrch Facilities

Basic and applied genetic engineering and related research are
carrled out at more than 75 Soviet tacliities. The more complex
research Is generally conducted by Institutes with long established
expertise In biocggmistry, enzymology, and classical gensetics. A few
recently established institutes also are Involved

These research facilities are subordinate to the Academy of
Scilences, the Ministry of Health, the Microblologlical Industry, the
Minlistry of Defense, or unlversities throughout the country. An
interagency Scientific and Technical Councll subordinate to the
Councli of Minlsters and the party Central Committee was established

in 1981to organize and direct the research,-

continued
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USSR: Genetically Engineered Biological wmwrgs T

The USSR's blo!oglcal warfare program is attempting to develop
agents whose characteristics would not be identifiable using current
Western technology, thus complicating and possib,
‘medical treatment of Infected troops and civilian

This is the first direct evldénce the Soviets are using
genetic engineering for military research on specific micro-organisms.

ONT O
es and provides a model
-xpertise gained from this researcn

PTOUUCLOn o1 new ogaltered biological agents that
could be dlfﬂcult to identify and treat|
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